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Anomalous origin of the left coronary artery from the pulmonary arterial tree (AOLCAPA) is a rare anomaly with a high mortality rate, even in the first months of life. Survival clearly relates to the magnitude of the collateral arteries originating from the right coronary artery to the left coronary artery 1, 2 . AOLCAPA is rarely associated with other congenital defects, unless the right pulmonary artery (RPA) takes part in the anomaly. The presence of associated defects in 70% of the 20 cases of origin of the left coronary artery from the RPA reported in the literature is well known [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] (table I) . In some of these cases 12, 15, 17 , in addition to the anomalous origin from the RPA, a rare anatomical characteristic -the intramural aortic course -complicated the clinical diagnosis but, on the other hand, facilitated the surgical correction.
The objective of this study is to report our experience with this anatomical peculiarity, rarely described in the literature 12, 15, 17 .
Methods
Between 1987 and 1997, at the Instituto do Coração of the Medical School of the University of São Paulo, 55 patients with AOLCAPA underwent the surgical correction for the isolated defect. Four (7.2%) patients had the anomalous origin directly from the RPA with intramural aortic trajectory, comprising the objects of this study.
Three patients were males and one was female, and ages ranged from 3 to 15 months (mean = 6.75 months). All infants showed clinical evidence of congestive heart failure (CHF) at the initial examination. Three of the patients showed great irritability as an expression of the clinical syndrome of angina pectoris.
All clinical findings and laboratory tests were reevaluated, including the electrocardiogram (ECG), the chest Xray and the echocardiogram. The surgical findings, as well as the evolutional characteristics, were revised. The opera-tion was performed through median sternotomy and cannulation of the two venae cavae, with extracorporeal circulation at 20°C to 25°C of hypothermia. With the aorta clamped, cardioplegic solution was administered to the aortic root at a dose of 20ml/kg of weight. At the same time, the pulmonary arteries were distally occluded to keep the pressure elevated in the pulmonary trunk.
The first patient underwent surgery in 1987, the second in 1988, the third in 1991 and the fourth in 1997.
Results
On cardiovascular examination, in addition to the classical signs of CHF, precordial bulging was noted in 3 infants, as well as systolic impulsions at the left sternal border and ictus cordis shifted from the midclavicular line in all of them. The cardiac sounds were normal in all infants and a smooth and mild systolic murmur was evident in the mitral area in two patients.
Hepatomegaly was evident and varied from 2 to 4cm from the right costal margin.
Heart rate was increased in all patients and ranged from 120 to 160bpm.
Blood pressure was normal in all infants (mean = 90/ 60mmHg). There was no edema.
On chest X-ray, cardiomegaly was evident, varying from moderate to marked, and the pulmonary vascular marks were increased due to congestion in all patients.
ECG showed sinus rhythm, with deviation of the electrical QRS axis to the left in all infants, corresponding to +80°, + 60°, -40°, and -20°, with necrosis and ischemia in the anterolateral wall, represented by deep and enlarged Q waves and negative T waves in D 1 , aVL, V 4 to V 6 . Prominent R waves in the left precordial leads indicated left ventricle hypertrophy (LV).
Echocardiographic study confirmed the severe left ventricular dysfunction. The shortening fraction of the myocardial fiber varied from 9% to 23%, with dilation of the left cavities and subvalvar mitral fibrosis. AOLCARPA was accurately diagnosed in 2 out of the 4 patients, and in no patients were anomalous intramural aortic trajectories suspected. In regard to hemodynamic and angiographic studies, they proved accurate in the diagnosis of the anomalous origin of the coronary artery from the pulmonary arterial tree, but they were not useful in the characterization of the peculiar intramural aortic trajectory and also of the origin from the RPA (table II) .
In 3 patients, dissection of the left coronary artery during surgery showed that the origin of that artery was in a high position, directly from the RPA. The coronary artery passed behind the pulmonary trunk and entered the aortic wall, running parallel to this vessel's lumen and spreading normally through the walls of the LV. Through the opening of the ascending aorta, the vertical intramural course was clearly visualized. A direct side-to-side anastomosis was performed by linking the intima of the coronary artery with the intima of the ascending aorta to avoid dissection of the latter. Then, ligation of the coronary artery was performed in the RPA. These 3 infants survived for a long-term period that varied from 9 months to 10 years in functional class I and without any medication. There was involution of the electrocardiographic, radiographic and echocardiographic abnormalities to levels considered normal (table III) .
In the fourth patient, whose origin of the coronary artery was in the bifurcation of the pulmonary trunk with the RPA, a direct end-to-side anastomosis of the left coronary artery with the aorta was performed. This patient developed, in the early postoperative period, a syndrome of low output, requiring intensive inotropic support and peritoneal dialysis for treatment of acute renal failure. Hospital discharge occurred on the 40 th day of the postoperative period. The infant evolved to functional class II, using digoxin, furosemide and captopril until the 6 th month, when the patient suddenly died.
Discussion
AOLCAPA is rarely associated with other cardiac defects, except when the origin is the RPA, a very rare anatomical situation. Of the 20 cases of AOLCARPA reported in the literature [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] (table I) , 14 had associated defects [3] [4] [5] [8] [9] [10] 13, 14, 16, [18] [19] [20] [21] , half of which were coarctation of the aorta 5, 8, 10, 13, 20 . Interventricular septal defect 4,14 and tetralogy of Fallot 3,21 were also observed. In the 4 cases of AOLCARPA reported in this study, we did not find associated defects but we did find an intramural aortic coronary course, whose diagnosis was established during surgery.
These anatomical peculiarities do not modify the functional alteration usually observed in the anomalous origin of the left coronary artery from the pulmonary trunk. Its main manifestation is represented by ischemic cardiomyopathy, and its evolution essentially depends on the degree of anterograde coronary perfusion from the pulmonary artery or retrograde coronary perfusion from the right coronary artery.
The flow is anterograde, from the pulmonary artery to the anomalous coronary artery, during fetal life and the neonatal period, when pulmonary vascular resistance is still elevated. The flow turns into retrograde, from another coronary artery, after the decrease in pulmonary arterial pressure. From then on, collateral circulation has a significant importance in determining the clinical and evolutional findings. Myocardial ischemia occurs in situations of inadequate collateral circulation.
Clinical diagnosis of anomalous origin of the left coronary artery should be suspected in young infants with symptoms of CHF and signs of LV cardiomyopathy. In the majority of the patients, there is electrical evidence of ischemia and necrosis on the classic ECG, but the definite diagnosis should be confirmed by echocardiogram, in a conjunct analysis. The most accurate diagnosis requires cardiac catheterization. Sites of anomalous origin of the coronary artery from the pulmonary arterial tree vary and may include the right sinus, the left sinus, and yet the anterior and posterior sinuses, depending on the position of the pulmonary trunk 17 . In addition to these more usual positions, the origin may be the left pulmonary artery itself 15 and, as happened in our 4 cases, the origin may be high in the RPA or even in the bifurcation of the pulmonary trunk with this artery.
In the direct origin from the RPA, the left coronary artery often follows a vertical course behind the ascending aorta in an inferior direction, for an extension of about 2 cm, passing then close to the posterior portion of the pulmonary ring, and spreading normally through the LV. Although the actual incidence of this peculiar anatom is not knowh, the descending course of the coronary artery, observed by us, occurs in the posterior wall of the ascending aorta, in the tunica media, emerging from the aorta near the left sinushence the difficulty for the echocardiographic diagnosispassing then behind the pulmonary ring, before the usual distribution through the LV.
In our experience, the echocardiogram also failed to show the intramural aortic trajectory of this anomaly. This may be explained by the close relation between the aorta and the left coronary artery and by the vertical and especially parallel course of this artery. This renders difficult its characterization, unlike the oblique or transverse trajectory in cases of intramural coronary anomalies, such as transposition of the great arteries.
Cardiac catheterization is the most sensitive method for the definitive diagnosis of anomalous origin of the left coronary artery. Aortography points out a dilated right coronary artery with subsequent filling of the anomalous left coronary artery through interarterial collateral vessels, with slight opacification of the pulmonary arterial tree.
However, the intramural aortic trajectory of the coronary artery was not diagnosed in any of our patients in the preoperative period.
Nevertheless, retrospective and careful analysis of the angiography shows some points that may suggest the presence of an intramural aortic trajectory ( fig. 1 ), such as: 1) high origin of the left coronary artery from the pulmonary arterial tree; 2) ascending and parallel course of the anomalous left coronary artery between the origin in the pulmonary artery and the aortic ring; 3) presence of a left right angle formed by the junction of the vertical intramural aortic trajectory and its subsequent horizontal portion until reaching the LV; 4) superoinferior relation between the anomalous ostium of the left coronary artery in the RPA and the ostium of the right coronary artery in the aorta.
In 1988, we published a report of a case of anomalous origin of the left coronary artery from the RPA with an intramural aortic trajectory, as an isolated defect. This was the first report of such a case in the literature 12 . The diagnosis was made during the surgical correction. In 1991, we published the second report of this rare anomaly 15 , using the same surgical technique as in the first case, i.e., direct side-to-side anastomosis of the structures, with success. In 1995, Turley et al 17 published another similar case, and the same surgical procedure was employed. From 1991 to 1997, two other patients with this same anomaly underwent surgery in our service.
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